In this paper, a hybrid adaptive function projective synchronization of a hyper Lü chaotic system is investigated. Firstly, according to the Lyapunov stability theory and Pecora-Carroll synchronization criterion, the controller and adaptive rate of these two kinds of synchronization methods are analyzed and designed. Then a new hybrid adaptive projective synchronization method is proposed. Finally, in order to prove the effectiveness of the proposed scheme, the comparison between those controllers is studied by simulation example.
INTRODUCTION
Since chaos was observed by Lorenz in 1963 (Lorenz, 1963 , Extensive and in-depth exploration and research has been carried out (Al-hussaibi, 2015; Dong et al., 2016; Liang et al., 2016) . Chaos is also known as the third theoretical revolutions after quantum mechanics and relativity in the twentieth Century, hailed as a bridge connecting the two. At the same time, it is an important theory between connection determinism and stochastic theory. Moreover, since Pecora and Carroll-the researchers in U.S. Navy laboratory-found the synchronization of chaotic dynamic systems in 1990s, chaotic communications also ushered in a confidential research boom (Carroll and Pecora, 1993; Luo and Wang, 2013; Fan et al., 2016; Naas et al., 2016) . A variety of approaches have been proposed for the synchronization of chaotic systems, such as complete synchronization,
anti-synchronization, generalized synchronization, pulse synchronization, coupling synchronization, adaptive synchronization and projective synchronization (PS) (Ott et al., 1990; Du et al., 2008; Li et al., 2016; He et al., 2016; Abiri et al., 2016) . Among all these kinds of synchronization schemes, PS is a generalized method of synchronization and more remarkable, for it allows to make faster communication with its proportional feature.
More recently, a novel PS, called function projective synchronization (FPS), has been raised (Du et al., 2008) . FPS, comparing with PS, means that the master and slave systems could be synchronized up to a desired scaling function, instead of a constant (Xu et al., 2015) .
The unpredictability of the scaling function in FPS can additionally enhance the security of communication (Guo et al., 2016) .
Many references have been given ignoring uncertain parameter perturbation and external disturbances (Lu et al., 2016; Wang et al., 2016; Yu et al., 2016) . In the actual system construction, considering device parameter constraints and other factors, parameter mismatch cannot be completely avoided. In addition, the system is inevitably subject to external interference (Yuan et al., 2016) . Hence it is of practical significance to study the anti noise ability and robustness of the system. At present, there exist many FPS methods which Combine function projective synchronization with adaptive synchronization in order to enhanced control performance (Geng et al., 2016; Guan, 2016; Han and Zhang, 2016; Schmid et al., 2016) . Meanwhile, due to its more complex dynamical behaviors, hyperchaotic systems have been widely used in the chaotic secure communication systems (Yadav and Srikanth, 2016) .
The rest of the paper is arranged as follows. Based on a kind of hyper Lü chaotic system, in section 2. Firstly, according to Lyapunov stability theory and Pecora-Carroll synchronization criterion, the controller and adaptive rate of these two kinds of synchronization methods are analyzed and designed. Then a new hybrid adaptive projective synchronization method is proposed. Simulation example is used to demonstrate the effectiveness of proposed schemes in Section 4.
HYBRID ADAPTIVE FUNCTION PROJECTIVE SYNCHRONIZATION
Definition1. In the following, the drive system and response system is presented as
Where x(t)=(x 1 (t), x 2 (t),…, x n (t)),y=(y 1 (t), y 2 (t),…, y n (t)) ∈ R n are n-dimensional state vectors of the drive and response system; α 1 , α 2 ∈ Rare system parameters; f: R n →R n are continuous differentiable nonlinear functions; u(x,y) is the nonlinear controller.
Definition 2.the error dynamic system can be obtained as follows： For the drive system (1) and response system (2), there exists a vector function u(x, y,α ) that meets synchronization, where α is the adaptive law.
Lemma 2.Parameter adaptive synchronization based on Pecora-Carroll criterion
The following drive and response system is considered as
Wherex ∈ R n , y ∈ R n , α, α * ∈ R m . Drive system (5) and response system (6) respectively evolve a trackO(x)and O(y)under a fixed parameter and an initial value.Parameter adaptive law as follows is introduced to parameter α
Where
function,ε > 0, δ > 0are control constants. The response system can realize synchronization when the conditional Lyapunov exponent of α j is negative. Now considering hyper Lü chaotic system (8) as the drive and response system, of which the kinetic description is as follows 
According to Lemma 1, while u x, y, α = (u 1 , u 2 , u 3 , u 4 )is selected as 
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e 3 2 − 25e 1 e 2 + λ(α * − α )is the adaptive law of parameterα * ,λ > 0, ∈ is the control factor, system (8) and (9) meets synchronization.
Proof 1.
Substitute Eq. (10) into Eq. (9), the response system can be written as 
According to Eq. (3), Eq. (8) 
Consider the following Lyapunov-Krasovskii function: 
Considering the time derivative of V(t) along the trajectories of (12), then we can obtain 
Form Lyapunov-Krasovskii stability theorem, the error system is globally asymptotically stable.
Theorem 2. For respond system (15) 
According to Lemma 2, while adaptive law is selected as 
System (8) and (16) 
while u x, y, α , β = (u 1 , u 2 , u 3 , u 4 ) is selected as 
where α = −10e 1 2 + 29e 2 2 − 1 3 e 3 2 − 25e 1 e 2 + λ(α * − α ) and ρ = q e i 4 i=1
is the adaptive law,system (8) and (18) 
Consider the following Lyapunov-Krasovskii function:
Considering the time derivative of V(t) along the trajectories of(19), then we can obtain 
Letρ < 0,then we can obtain
SIMULATION EXAMPLE
In this section, we give a simulation example to demonstrate the effectiveness of the control design. The initial state of drive system (7)is x 1 , x 2 , x 3 , x 4 = (1,2,3,4), parameterα * = 0;
The initial state of response system y 1 , y 2 , y 3 , y 4 = (3,5,7,9) ,parameter α = 1 and scaling function isM t = ( x 3 t * log x 3 t ).
Under the function of controller 1, the initial parameter adaptive law can be set asα = 0.5,λ = 20; Under the function of controller 2, based on Lemma 1, whether the drive and response system can meet synchronization is determined by the value of ε and δ , The range ofεandδcan be obtained by numerical calculation or theoretical analysis. As shown in Table   1 .
Tabla 1ε and βwhich satisfy the synchronization condition but cannot adapt to the complex conditions. The hybrid adaptive controller can still achieve synchronization when the parameter mismatch and external interference exist.
CONCLUSION
In this paper, a hybrid adaptive control method based on function projective synchronization is studied, of which the controller is designed based on Pecora-Carroll synchronization criterion and Lyapunov stability theory. Compared with regular controller, the hybrid adaptive controller can meet synchronization faster, and the noise immunity and robustness are better than the regular one. 
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